Patients with Interstitial Lung Disease (ILD) without a definitive diagnosis of connective tissue diseases (CTD) were historically described as Undifferentiated Connective Tissue Disease (UCTD-ILD). Recently a new classification, Interstitial Pneumonia with Autoimmune Features (IPAF), has been proposed. Aim of this study was to describe the prevalence, clinical characteristics and prognostic factors of UCTD and IPAF subjects in a cohort of Non-Specific Interstitial Pneumonia (NSIP) patients. This retrospective observational study enrolled 102 adult patients characterized by NSIP pattern on High Resolution Computed Tomography, without a specific diagnosis of CTD. Three groups were identified according to patients' characteristics: IPAF, UCTD or idiopathic NSIP (iNSIP). Forty percent, 27% and 55% of patients showed diagnostic criteria for IPAF, UCTD and iNSIP, respectively. No significant differences in age, gender, smoking habit, pulmonary function tests and three-year survival rate were observed among study groups. IPAF patients with antisynthetase antibodies positivity, in comparison to IPAF without antisynthetase antibodies positivity, showed more frequently an acute onset (44% vs 9%, p<0.012). The presence of autoimmune features seems not to be associated with better outcomes in NSIP patients. IPAF criteria seem to be more representative than UCTD criteria in identifying patients with autoimmune features. Further studies are needed to verify if IPAF should include patients with positive antisynthetase serology.
Introduction
Pulmonary involvement, particularly interstitial lung disease, is a significant complication of many Connective Tissue Diseases (CTD) and may precede the onset of the disease itself [1] .
Up to 25% of patients with symptoms of connective tissue disease do not receive a definitive diagnosis of CTD, according to validated diagnostic criteria. These patients were historically described as having "collagen" or "unclassifiable connective tissue" diseases, and, since they shared similar clinical features of widespread inflammation, they have also been identified as "diffuse" or "Undifferentiated CTD" (UCTD) [2, 3] .
The Non Specific Interstitial Pneumonia (NSIP) pattern of lung injury (both radiological and pathological) has been noted as common in patients who are classified as having UCTD [3] . This finding has important implications, since the prognosis and treatment response are more favourable in rheumatic disease-associated NSIP compared to idiopathic NSIP (iNSIP) [4] .
The concept of "lung-dominant CTD" has been proposed to characterize those patients with NSIP who had certain histopathological features or positive serologies, but lacked sufficient extra-pulmonary clinical features to be classified as having a specific rheumatic disease [5] .
Recently, the European Respiratory Society and American Thoracic Society proposed the term "interstitial pneumonia with autoimmune features (IPAF)" for patients with interstitial lung disease (ILD) and features of autoimmune diseases [6] . However, the effort to hyper-categorize different diseases with a number of diagnostic criteria may result in an artificial subclassification.
Aim of this study is to describe the prevalence of patients with ILDs and autoimmune features (not classified as CTD by validated diagnostic criteria), including both patients with UCTD and those with IPAF and to identify the clinical characteristics and prognostic factors of UCTD and IPAF subjects in a cohort of consecutive patients with NSIP pattern on High Resolution Computed Tomography (HRCT). Moreover, we aim to describe the characteristics of the subgroup of patients with positive antisynthetase serology, in order to assess if Antisynthetase Syndrome (ASS) may represent a different population. Original Article
Materials and Methods

Study population
We retrospectively analysed a cohort of 195 consecutive patients, characterized by NSIP pattern on HRCT, referred to tertiary referral outpatient ILD Clinic of the San Gerardo Hospital, Monza, Italy from November 2006 to December 2016. The Institutional Review Board of our Institution approved the study (#980, 31 August 2016) and informed consent was waived because of the retrospective nature of the study.
Radiological NSIP pattern was defined by an expert radiologist, blinded to any clinical, functional and laboratory data, as the presence of relatively symmetric and bilateral ground glass opacities, fine reticulations and/or traction bronchiectasis, lower lobe prevalence and absence of honeycombing [7] . If present, subpleural sparing was considered suggestive for NSIP [8] .
The final diagnosis was achieved by multidisciplinary discussion involving pulmonologists, radiologists, rheumatologists and pathologists. IPAF diagnosis was based on the recent consensus statement [6] , UCTD diagnosis was based on Kinder Criteria [3] and ASS diagnosis was based on Connors' criteria [9] .
Data collection
We extracted data regarding demographics, smoking and exposure history, past medical history and clinical examination with particular attention to the presence of signs and symptoms suggestive of rheumatological diseases. Rheumatological signs or symptoms analyzed were selected prior to data extraction, based on IPAF and UCTD criteria [3, 6] .
Autoimmunity test results [Anti-Nuclear Antibodies (ANA), Extractable Nuclear Antigens (ENA), anti-Cyclic Citrullinated Peptide antibodies (anti-CCP), Rheumatoid Factor (RF)], performed as part of the initial diagnostic work-up of uncharacterized ILD, were collected in all patients (see Table 1 for institutional ranges and cut-offs). From December 2014 anti-myositis antibodies enlarged panel was also determined in 46 subjects (Table 1) .
Acute onset of respiratory symptoms was defined if symptoms developed within one month from the first medical visit. Pulmonary function tests (PFTs), including forced vital capacity (FVC), diffusing capacity for carbon monoxide (DLCO), six-minute walking test (6MWT) (distance walked and lower oxygen saturation measured) and oxygen supplementation requirement [if partial pressure of oxygen (PaO2) at rest was <55mmHg or lower pulse oximetry during the 6MWT ≤88%] were collected.
GAP index [10] was calculated GAP index was calculated in 91/102 patients at time of diagnosis, because the remaining 11 patients were not able to perform DLCO assessment.
HRCT scans were reviewed for the presence of emphysema, reticulations, ground glass opacities by an expert radiologist.
Statistical analysis
Statistical analysis was performed using SPSS® Statistics software (IBM®, ver. 21.0) on Windows platform. Categorical variables were expressed as absolute number (N) and/or percentage (%) and were compared with Fisher or chi-square test where appropriate. Continuous variables, expressed as median and interquartile range [IQR] were compared with Kruskal-Wallis test. Two-sided P values <0.05 were considered statistically significant. Kaplan-Maier method and log rank test were used for the survival analysis. Univariate Cox regression analysis was applied to identify prognostic factors.
Results
Demographic and clinical characteristics
Out of 195 patients presenting with radiological NSIP pattern, 31 were excluded because of a prior diagnosis of CTD using validated diagnostic criteria at the time of diagnosis or during follow-up, 43 and 19 subjects were excluded because of a prior diagnosis of chronic hypersensitivity pneumonitis and drug-induced ILD, respectively. The remaining 102 patients (median age 67 years, 51% males) without a specific diagnosis were included in the analysis. Forty-two (41%) patients were never smokers, 11 (11%) current smokers and 49 (48%) former smokers. The main comorbidities registered were systemic hypertension (45%), diabetes (21%) and ischemic heart disease (17% of patients). Forty-two percent of patients complained of dyspnoea at rest and/or under effort, 10% of cough and 38% of both dyspnoea and cough. Fifteen percent of patients experienced an acute onset of respiratory pime pime pime pime p pi im me e EDITRICE Original Article anti-myositis antibodies enlarged panel was positive in 6 cases (13%): anti PL7 (anti-threonyl-tRNA synthetase) were detected in 2 patients, and anti PL12 (anti-alanine-tRNA synthetase), anti OJ (anti-isoleucyltRNA synthetase), anti EJ (anti-glycyl-tRNA synthetase) and anti SRP (signal recognition particle) in one case each.
Comparison between IPAF, UCTD, and iNSIP groups IPAF criteria were met in 41 patients (40%), UCTD criteria in 28 (27%), and, the remaining 56 patients (55%) were classified as iNSIP. IPAF diagnosis was achieved as follows: 21 patients met both morphological (radiological NSIP HRCT pattern) and serological domains, 4 met both morphological (radiological NSIP HRCT pattern) and clinical domains, and 16 patients met all the three domains. Twenty-three (22%) subjects had overlapping diagnosis of IPAF and UCTD, while 18 (18%) and 5 (5%) patients satisfied only IPAF and UCTD criteria, respectively. The clinical characteristics that allowed to classify 5 patients into UCTD only were gastroesophageal reflux in 4 cases and skin changes (rash) in one case. The autoimmune serological assessment of these 5 patients revealed ANA positivity (with title 1:80 in 2 cases and 1:160 in one case) and/or RF at low title (one patient had both ANA and RF positivity).
No significant differences in age, gender, smoking habit, PFTs or time of onset were observed among IPAF, UCTD and iNSIP groups (Table 3) . A higher prevalence of respiratory failure at rest or under effort was observed in the IPAF group compared with the iNSIP group (22 vs 7%, respectively, p=0.034).
Survival and prognostic factors
The overall survival of the entire cohort at one, two and three years was 96%, 85% and 73%, respectively. There was no difference in threeyear survival among IPAF, UCTD and iNSIP groups (IPAF 79%, UCTD 78%, iNSIP 71%, p-value log rank 0.39). In the univariate analysis (Table 4) , higher age at diagnosis (HR 1.055, 95% CI 1.015-1.097, p-value 0.006) and higher GAP index (HR 2.811, 95% CI 1.421-5.560, p-value 0.003) were directly correlated with overall mortality. FVC less symptoms as first presentation of disease. Ten percent of patients were asymptomatic and were assessed because of accidental findings on chest X-ray.
Rheumatologic-related signs and symptoms, according to the IPAF [6] and UCTD criteria [3] , were recorded in 48 patients (47%) ( Table 2) .
The most common reported symptoms were gastroesophageal reflux (18%) and arthralgia/multiple joint swelling (13%). Distal digital fissuring ("mechanic hands") were present in 10% of patients, Raynaud's phenomenon in 7% of patients and unexplained digital oedema in 1% of patients.
At baseline, broncoalveolar lavage was performed in 73 (74%) patients, transbronchial biopsies in 15 (15%), and surgical lung biopsy in 6 (6%) patients.
At 6-month follow up, 53 patients were treated with corticosteroids, 13 with steroid-sparing agents associated to steroids (11 with azathioprine and 2 with cyclophosphamide).
Serologic assessment
All 102 patients included were assessed through autoimmune serology panel (Table 1) . Fifty-four patients (53%) had a negative autoimmune serology panel.
ANA antibodies were positive in 29 patients (28%) (with 1:80 title in 6 cases, 1:160 in 6, 1:320 in 7, and >1:320 in 10). Patients showed a homogeneous ANA pattern in 11 cases (38%), speckled in 14 (48%), nucleolar in 2 (7%) and cytoplasmic in 2 (7%). Out of the 17 patients with ANA titer ≥320, 9 showed a granular, 7 homogenous, and one nucleolar pattern. ENA antibodies were positive in 13 patients (13%), particularly SSA/Ro were positive in 10% of patients, SSB/La and Scl70 in 2% of patients respectively. One patient had double ENA positivity (anti-SSA/Ro and anti-SSB/La). Eight ANA positive patients were also ENA positive (27.6% of ANA positive patients).
Eighteen patients (18%) were characterized by positive antisynthetase antibodies serologic testing.
Anti-Jo1 (anti-histidyl-tRNA synthetase) antibodies, tested in all patients, were positive in 13 cases (13%). Among the 46 patients tested, pime pime pime pime p pi im me e EDITRICE Table 2 . Signs and symptoms UCTD and IPAF-related.
Signs and symptoms n (%) of patients (N= 102)
Raynaud's phenomenon * § 7 (7) Arthralgia/multiple joint swelling * 13 *UCTD-related signs and symptoms [3] ; §IPAF-related signs and symptoms [6] . Original Article 
IPAF and antisynthetase antibodies syndrome
In the IPAF group, all patients with positive antisynthetase antibody serologic testing were also classified as ASS, according to Connor's criteria [9] . Comparing the clinical characteristics of IPAF patients with positive antisynthetase antibodies (IPAF-ASS subgroup) (n=18, 44% of all IPAF patients) to IPAF subjects with negative antisynthetase antibodies (IPAF-nonASS subgroup) (n=23, 56% of all IPAF patients), no significant differences were observed in regards to gender, age at diagnosis, smoking habit, baseline FVC%, baseline DLCO%, and oxygen requirement. IPAF-ASS patients had more frequently an acute onset compared to other IPAF-nonASS patients (44% vs 9%, respectively, p<0.012). During follow up, two IPAF-non-ASS patients experienced acute exacerbation, whereas no acute exacerbation was described in the IPAF-ASS group.
No differences in three-year survival between the IPAF-nonASS and the IPAF-ASS subgroups were observed (87% vs 62% respectively, log rank test 0.072), even if a worse trend was observed in IPAF-ASS (Figure 1) .
Discussion
We described a real life cohort of 102 patients with NSIP HRCT pattern at presentation, 40% of them met the IPAF classification criteria, 27% the UCTD criteria, and 22% met both IPAF and UCTD criteria. To the best of our knowledge, this is the first study to analyse the frepime pime pime pime p pi im me e EDITRICE Table 3 . Clinical and functional characteristics and survival in the entire cohort and among different groups. 
Characteristics Whole cohort (N=102) IPAF (N=41) UCTD (N=28) iNSIP (N=56) p value
Original Article
Nineteen percent of patients in our cohort were characterized by anti-Jo1 or other antisynthetase antibodies positivity. The subjects known to have a NSIP pattern on HRCT and a positive serologic testing for antisynthetase antibodies can be classified as ASS [9] as well as IPAF [6] , and this may be a confounding factor. In fact, we observed some differences between these two subgroups. The IPAF-ASS subgroup demonstrated a more acute onset (44% vs 9% in the IPAFnonASS subgroup), similarly to the cohort by Tillie-LeBlond et al., who reported an acute onset in 47% of patients [18] .
The IPAF-ASS subgroup showed a trend towards worse survival in comparison to the IPAF-nonASS subgroup (62% vs 87% at 3 years, respectively). On the contrary, Zamora et al. observed a good overall survival (68% at 5 years) in a large retrospective cohort of ASS [19] . This difference may be explained by the fact that Zamora and coauthors analysed only anti-Jo1 positive patients, while we also included patients with positivity for antisynthetase antibodies other than anti-Jo1 (e.g., PL7 and PL12) that, according to previous studies, seem to determine a worse survival [20] [21] [22] [23] . According to these results, ASS seems to represent a distinct nosological entity, with specific clinical features and prognosis [24] .
Limitations of the present study to be acknowledged mainly address the monocentric retrospective design. Furthermore, the enlarged antimyositis antibodies panel was not applied to all patients and, finally, we lacked lung tissue specimens to confirm the histological NSIP pattern. Furthermore, as explained above, given the paucity of study population, 23 patients overlapped in the IPAF and UCTD groups.
In conclusion, our study confirms that NSIP pattern on HRCT is often associated to autoimmunity features and that the presence of this latter characteristic does not change the outcome compared to iNSIP. IPAF criteria seem to be more inclusive than UCTD criteria in classifying this group of patients. Further studies on larger cohorts are needed in order to verify if ASS with pulmonary involvement should be included in IPAF classification.
quency of IPAF in a cohort of patients with only NSIP and to compare the clinical features of IPAF, UCTD and iNSIP. Regarding UCTD classification, our real life data nicely fit with those of Corte et al. [11] and Nunes et al. [4] , who found that 31% and 25% of histologically proven NSIP satisfied UCTD criteria. Similarly to the results presented by Ferri et al. [12] , who showed clinical overlapping between IPAF and UCTD, in our study no statistically significant differences were observed in regards to age, gender, smoking habit and PFTs among IPAF, UCTD and iNSIP. IPAF and UCTD classification criteria seem to identify a population of patients with similar characteristics, although IPAF criteria are more inclusive than UCTD criteria (40 vs 27% of NSIP patients). This finding might be explained by the fact that some clinical characteristics (e.g., mechanic's hands) and serological features (e.g., positivity of antisynthetase antibodies other than anti-Jo1) are not considered classification criteria in UCTD. On the other hand, the UCTD criteria seem to be less specific than those defining IPAF. In our cohort 5 patients classified as only UCTD, but not satisfying IPAF criteria, were characterized by signs and symptoms not specific for autoimmune disorder (weight loss, gastro-oesophageal reflux and ANA/RF positivity at low title).
The overall three-year survival of our cohort of NSIP patients was 73%, worse than that observed by Travis et al. ( 82.3% at five years and 73.2% at 10 years) [7] , and, similarly to Kim et al. [13] who did not find any difference in survival between patients with UCTD and iNSIP, we found similar survival in UCTD, IPAF and iNSIP patients.
As in studies on idiopathic pulmonary fibrosis [14] [15] [16] , older age and lower FVC and DLCO values were found to correlate with mortality, confirming the importance of lung function in defining the prognosis of ILDs. The correlation we observed between GAP III index and mortality confirms the results by Ryerson and colleagues [17] , who demonstrated the utility of GAP index not only in Idiopathic pulmonary fibrosis but also in other ILDs. pime pime pime pime p pi im me e EDITRICE 
